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INTRODUCTION. Impact isthe dominantprocess
acting onthe surfaces of atmosphere-free planets and
asteroidonce volcanic activithas ceased. It is the proc-
ess that modifies botie physical and chemical character
of surface planetary material&\lthoughthe phenomenon
of volatile element transport by impact was identified
early inthe study ofthe Apollo lunar samplesNaney et
al. [1] systematically described and named an impact glass
type with an unusually_high Al an@i-poor nature and
named it HASP. Sincthe Naney efal. [1] description of
HASP glass, this glassype has beenfound in many
Apollo lunar soils and breccias and in lunar meteorites
(Warren and Kallemeyn) [2]. This paper reports our
studies ofHASP glasses with the iomicroprobe. Our
studies of lunar volcanic glasses demonstrated that we can
measure Li, Be and B with great precision auduracy
(Shearer et al[3]. Brearley and.ayne [4]measured Li,
Be, and B in chondrules and considetbdir volatile
behavior. They found that Be is positively correlated with
Al showing that its behavior is strongly refractamyd that
Be is negatively correlatedith the volatileLLE, B. We
now want to see if these sarsgstematics hold fadASP
glasses which show a range of Al/Si ratios and have spe-
cifically targetedApollo 14 impactglasses reported by
Vaniman [5].The experimental design is to determine the
behavior of elements with a variety of volatilities with
emphasis on the light lithophile elements (Li, Be, B), the
REE (La, Ce, Nd, Sm, Eu, Dy, Er, Yb) and Sr, Y, Zr.

RESULTS AND DISCUSSION We measured 11
HASP fragments from Apollo 1#egolith breccias 14076,
14160, and 14252. ThelASP fragments fromsample
14076 are distinctly higher in &D; and were likely de-
rived from anorthositicprotolith [5]. The HASP frag-
mentsfrom samples 14160 and 14252 are lower ipQAl
and have a KREEP signature. The protofith these
HASP glasses could have beépollo 14 KREEPysoils
and/or breccias. Some tbfe chemical attributes of these
two HASP groupsireshown in Figures 1 and 2. Figure 1
showsthat Zr, Y, Be, and Li are in higheoncentrations
in the KREEPy HASPglasses then the anorthosiHASP
glasses. Figure 2 showbke REE systematics. The
KREEPy HASPglasses have elevated REE concentrations
almost identical to the high-K KREEP of Warren [6]. The
anorthositicHASP glasses have REE concentratidghat
are enriched relative tferroan anorthosites (e.g. 15415)
and with a flatter chrondrite normalized REE pattern
slope. The major feature of these REE patteriisaisthe
HASP fragments havenriched REE relative tdheir
likely protoliths. This isprobably mostlydue to the sig-
nificant loss of Si@ which is quite volatile relative to the
refractory REE. The relativelyflat slope of the REE
pattern for anorthosititH{ASP relative to anorthosite
could be due to two factors: 1)yeall amount oKREEP
in a dominantly anorthositic protoligind 2) more volatile
loss of theLREE then theHREE (e.g.Boynton[7]). Be-
cause we believe we havebatter estimate of thproto-
lith composition forthe KREEPy HASPthan the anor-

thositic HASP wewill focus ouradditional analysis on
KREEPy HASP athis time. Figure 3 is a “spider dia-
gram” comparinghe average analysis ®§REEPy HASP
glass taits assumed protolith composition. Elemetitat

plot at values >0.5 on this diagram are enriched relative to
the protolith while those that plbelow 0.5 are depleted.
K20, NaO, SiG, and FeO arelearly depleted relative to
the assumed protolitbomposition. These depletions are
consistent with differential volatilization byRayleigh
fractionation [8]. Further interpretation tife elemental
gains and losses are made possible by use tisacon
Diagram” (Figure 4) [9]. Figure 4 plothe concentration

of elements in th&KkREEPy HASPglass versusts as-
sumed protolith. Elements and oxides appropriately
scaled sall will plot on one diagram. khere were no
elemental gains or losseall pointswould plot along a

4%° line. However, ifthere are elemental losses, as ne-
cessitated by a volatilization process, other systematics
occur. The immobile or refractory elements will define an
isocon whose slope gives an estimate of mass loss. In this
case the isocon indicates a mass loss of 37%. Most of this
loss can be accounted for by loss of Si@ther elements
thatshow significant depletionare KO, N&O, and FeO.

Of the light lithophile elements Li, Be and B, B (although
we do not have goodprotolith estimate) and Li are de-
pleted but Be behaves likerefractory element [4] Also,
although it is knowrthat theREE have different volatili-
ties[7], in this process of impact melting of lunar proto-
lith they all behave in a relatively refractory manner.
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